Postexcitatory depression (PED| and adaptation were examined in slowly adapting aortic baroreceptors of normotensive rats (NTR) and spontaneously hypertensive rats (SHR); an aortic arch-aortic nerve preparation in titro was used. PED was elicited either mechanically by employing single or double pressure steps, or electrically by antidromic stimulation of the aortic nene. During PED the axon of the receptor was capable of conducting action potentials and the receptor itself could respond to increased pressures. The relationship between duration of PED and number of impulses preceding it was hyperbolic. In NTR's and SHR's PED was abolished by ouabain or solutions containing no potassium, neither of which affected the steady state pressure-volume relationship of the aorta. These interventions, which are known to block electTogenic pumps, also lowered the pressure threshold and increased the curvature of the steady state pressure-frequency curve. Furthermore, lithium, another agent that blocks electrogenic pumps, also abolished PED. Thus, PED is attributed mainly to an electrogenic sodium pump which operates normally in baroreceptors. We found that adaptation from peak transient to steady state frequency did not appear to be altered significantly when the pump was blocked. Blockage of the pump by ouabain is responsible for the baroreceptor reflex effects elicited by this drug. We conclude that resetting and reduced sensitivity in SHR baroreceptors are not attributed to significant differences in electrogenic pump activity.
ARTERIAL baroreceptors show adaptation from a higher peak transient impulse frequency to a lower steady state frequency when a suprathreshold pressure step is applied to their receptive fields: they also show postexcitatory depression (PED) following removal of the stimulus. 1 " 4 In slowly adapting baroreceptors these phenomena were attributed to viscoelastic processes which couple the mechanical stimulus to the receptor.' However, in another mechanoreceptor, the crayfish stretch receptor, these phenomena have been attributed to an electrogenic sodium pump and viscoelastic factors. 4 " 8 Thus, Sokolove and Cooke 8 showed that adaptation and PED elicited by intracellular current injection were blocked by cardiac glycosides or perfusion with solutions containing no potassium, procedures which are known to block electrogenic sodium pumps. However, when a mechanical stimulus was used upon slowly adapting receptors, the generator potential itself showed considerable adaptation even in the presence of tetrodotoxin, 7 -* indicating that other processes such as tissue viscoelasticity were involved.
The relationship of these observations to baroreceptor function derives from the 1932 report of Heymans et al.,' who showed that digitalis applied to the carotid sinus produced a reflex bradycardia. More recently it has been demonstrated directly in multifiber preparations that cardiac glycosides increase baroreceptor discharge. 10 " 12 Therefore, we examined adaptation and PED in aortic baroreceptors to determine the role played by electrogenic sodium pumping or other ionic processes. The results in NTR's and SHR's were compared because of the possibility that adaptation and resetting are related.
We used the aortic arch-aortic nerve preparation in vitro described previously 13 and found that PED did not arise from the fibers of aortic baroreceptors but originated either in the receptors or the spike-initiating zones. PED was blocked by ouabain and solutions containing no potassium, which also lowered pressure thresholds and increased the stimulus response to pressure steps. Lithium also blocked PED. We conclude that PED in aortic baroreceptors of NTR's and SHR's is largely due to an electrogenic sodium pump, which also plays a part in setting the pressure thresholds and sensitivities of these receptors.
Methods
These were described in our previous paper. 13 Double pressure steps were applied by activating a second pressure source connected in series with the preparation. In experiments requiring ouabain, the drug was added to the perfusate; the doses used were 10~5 to IO~3 ,\i. For potassium-free solutions, Na + was substituted for the K + in the perfusate. In the lithium experiments, equimolar substitutions of LiCI for NaCI were made. Frequency-response measurements in test solutions were always bracketed by measurements made in control solutions. Curves were fitted using a nonlinear least squares fitting program on a PDP 11/40 computer.
Results

POSTEXCITATORY DEPRESSION ELICITED BY PRESSURE STEPS
When a pressure step had evoked a new steady state discharge in aortic baroreceptors of NTR's and SHR's a subsequent step reduction in pressure was followed by a cessation of discharge or PED. Bronk open circles, after ouabain. Steady state discharge was elicited by a pressure step of 140 mm Hg. The pressure then was increased to ISO mm Hg for 4 seconds. Ouabain abolished PED. increased peak transient discharge and, in this case, had no effect on steady state discharge at 140 mm Hg. We selected this particular example because of the effects of steady state discharge on PED {see Fig. 4 ). However, ouabain generally increased steady state discharge. When adaptation is compared at equivalent peak transient discharges it is equivalent before and after ouabain.
reported PED for carotid sinus baroreceptors, and it was more completely described by Landgren, 1 who introduced the term in this context. As illustrated in Figure 1 , a single baroreceptor fiber (filled circles) was firing with a steady state frequency of approximately 25 impulses/sec at a static pressure of 140 mm Hg. A second pressure step to 180 mm Hg was applied, resulting in a transient discharge which then adapted to a new steady state discharge level. Removal of the pressure step was accompanied by a silent period before the fiber recovered. The duration of PED, which was measured as the interval from the last spike at the higher pressure to the first spike at the lower pressure, was increased for greater differences in pressure. When a small pressure difference (20-50 mm Hg) was used, PED persisted for 0.1-2 seconds, whereas larger steps (50-200 mm Hg) produced maximal depression ranging from 5 to 10 seconds. A plot of the PED vs. pressure steps shows that with small steps PED increased slightly until a pressure was attained at which point PED increased greatly, the increase being almost linear ( Fig. 2A) . At still higher pressures, the relationship approached a plateau. PED also increased when the duration of a given pressure step was prolonged. Since increasing the amplitude or prolonging the duration of the pressure step also increased the number of impulses elicited during the step, a similar correlation between PED and the number of impulses is likely, and this is shown in Figure 2B . It is difficult to assess PED durations of less than 400 msec because the time constant for pressure relaxation was about 100 msec and it was difficult to synchronize removal of the pressure step with an impulse which introduced an additional uncertainty of 100-200 msec.
In quiescent fibers (two experiments) the response to a suprathreshold pressure step was depressed by a preceding step of similar amplitude. This depression of discharge was observed only when the interstimulus interval was less than 5 seconds.
POSTEXCITATORY DEPRESSION ELICITED BY ANTIDROMIC ELECTRICAL STIMULATION
PED was also elicited in baroreceptor fibers of 11 NTR's and five SHR's by repetitive electrical stimulation of the depressor nerve with a separate pair of bipolar electrodes. As we will demonstrate later, this effect depends upon invasion of either the receptor or the spike-initiating zone by the impulse, therefore we refer to this method as antidromic stimulation. In these experiments the duration of PED was measured as the interval from the last antidromic impulse to the first orthodromic impulse following the stimulus train. PED was observed only when trains of stimuli (train duration = 0.2-32 seconds) were applied at frequencies (10-160 impulses/sec) which were greater than the steady state firing rates of the baroreceptor fiber. As shown in Figure 3A , the higher the frequency of stimulation the more prolonged the inhibition. The depression was apparent immediately after the stimulus train and, in general, persisted for 2-30 seconds. Furthermore, increases in train duration at a constant rate increased PED, but a plateau was eventually approached as higher rates and train durations were used ( Fig. 3A ).
As anticipated from PED evoked by pressure steps, the relationship between the duration of PED and the number of antidromic impulses showed a "threshold," which was the minimum number of impulses per train necessary to elicit a measurable PED (20-60 in Fig. 3B ). This was followed by a more rapid increase in PED above threshold, which then approached a plateau ( Fig. 3B ). In addition, we found that for a given number of impulses, the duration of PED was frequency-dependent, being greater at higher frequencies.
The degree of antidromically evoked depression was inversely related to the steady state firing rate of the baroreceptor fiber. For example, PED was prominent when the baroreceptors were firing at low frequencies (5-20 impulses/sec), whereas little if any depression occurred when the steady state frequency was increased to 30-50 impulses/sec ( Fig. 4 ).
In two experiments in which the units were firing spontaneously, the effects of continuing or interrupting perfusion on electrically evoked PED were compared; no differences were observed.
In four experiments the neural discharge elicited by a pressure step could be inhibited markedly by a train of stimuli (20-100 impulses/sec for 2-5 seconds) which preceded the step (see immediately after the stimulus and the step-response was depressed for 15-45 seconds after the stimulus.
DEPENDENCE OF POSTEXCITATORY DEPRESSION ON THE NUMBER OF IMPULSES ELICITING IT
The relationship between PED and number of spikes shown in Figure 3B was examined more closely in three other fibers. The data in Figure 5A were obtained from a baroreceptor in an SHR which had a steady state discharge of 25 impulses/sec. PED was not elicited by 1-second trains of electrical stimuli at 25 impulses/sec but appeared for 3-second trains at 40 impulses/sec, or I-second trains at 80 impulses/sec. The curve at 80 impulses/sec was fitted by a rectangular hyperbola as shown in Figure 5A . The equation has the form:
where y is PED in seconds, x is the number of spikes, b! is in units of spikes sec"' and b 0 is inverse time in sec"'. (b o )~' is the asymptotic value which PED approaches and b r is related to the number of spikes eliciting half maximal PED; i.e., x 50 = b, /b 0 . The values for b 0 and b, were 0.3 sec"' and 70 spikes sec" 1 . b 0 and b! can also be estimated from a double reciprocal plot of the data as shown in Figure 5B . The equation is:
where b! is the slope of the line relating (PED)" 1 to (number of spikes)" 1 and b 0 is the intercept on the (PED)" 1 axis.
We have partially examined two other receptors from NTR's in this way with similar results for b, and b 0 . However, there are not enough data at present to compare these values between SHR's and NTR's.
RECOVERY FROM POSTEXCITATORY DEPRESSION
Recovery curves of PED also followed a time course that was adequately fit by a rectangular hyperbola of the form: where y is the instantaneous frequency in spikes seer 1 , t is time in seconds, c, has units sec* spike" ' and c 0 is sec spike"' or period ( Fig. 6A ). Four recovery curves for PED evoked by antidromic stimulation were analyzed from two baroreceptors in NTR's and two baroreceptors in SHR's. Identical constants with values for c, and c 0 of 0.01 and 0.04, respectively, were found. In two NTR's in which PED was elicited by a second pressure step ( Fig. 6B) , the values were 0.03 for C[ and 0.04 and 0.05 for c 0 . The smaller c, values for recovery from electrically evoked PED reflect the increased rate of recovery of PED when it was elicited by antidromic stimulation.
SITE OF ORIGIN OF POSTEXCITATORY DEPRESSION
To determine whether PED originated in the nerve trunk or in the baroreceptor endings a separate pair of electrodes was positioned on the aortic nerve for orthodromic stimulation. As shown in Figure 7B ,-Bj, electrical stimulation of the aortic nerve during PED elicited by either mechanical or antidromic stimulation evoked a conducted action potential from the fiber being studied. When threshold or near-threshold stimuli were used prior to PED, the same voltages were effective during PED. Thus, it would appear that most if not all of the PED was due to some alteration in the responsiveness or excitability of the nerve ending. The aortic baroreceptors also were capable of conducting orthodromic impulses elicited by a pressure step during PED ( Fig. 7C [ and Cj), a finding which suggests that the depression was not the result of inactivation of the receptor or spike-initiating mechanisms. The results were similar in NTR's and SHR's.
EFFECTS OF OUABAIN ON POSTEXCITATORY DEPRESSION
PED elicited by mechanical pressure steps (three experiments) or by electrical stimulation (four experiments) was reversibly blocked by perfusion of the aortic arch with ouabain (I x 10" 4 M to 1 x IO~3M)( Fig. 1 ). The onset of the ouabain antagonism occurred within 2-5 minutes and persisted for 30-45 minutes after return to the normal perfusate. There was no discernible difference in the degree of ouabain antagonism between mechanical and electrical PED, and in the majority of experiments PED was completely blocked. The results were equivalent in NTR's and SHR's. Ouabain also had no effect on the steady state aortic pressure-volume relationship at this time. Thus the pressure-
SEC
FIGURE 7 Some characteristics of posiexcilatory depression (PED) in an aortic baroreceptor from a normotensive rat (NTR). A,: discharge in response to pressure step of 130 mm Hg. A,inhibition of response by prior antidromic stimulation (20 impulses/ sec). A,: response elicited 15 seconds after A t . B,: steady state discharge elicited by a pressure step of 160 mm Hg followed by a second brief pressure step lo 200 mm Hg: pressure was then restored to 160 mm Hg. Four impulses were evoked electrically before the second pressure step and two were evoked during PED. B,: faster display of electrically-evoked impulse obtained during PED in B,. B* faster display of pressure-evoked impulses which have the same amplitude and contour as the electrically evoked impulse in B t . C,: steady slate discharge, then high frequency train of antidromic stimuli (80 impulses/sec) and PED thai ensues. CV during PED similar to that evoked in C u a pressure step w 120 mm Hg still elicits discharge. volume curves before and after ouabain were unchanged (Fig. 8A) . With more prolonged exposure to ouabain the steady state firing rate was markedly increased and it was difficult to determine whether the antagonism was due to a direct effect of the ouabain or to a secondary increase in the control firing rate. Therefore, in two experiments it was shown that the PED elicited by electrical stimulation was still blocked after the steady state frequency in the ouabaintreated preparation was decreased to the control (prior to ouabain) firing rate by lowering the steady state pressure level.
EFFECTS OF POTASSIUM-FREE SOLUTION ON POSTEXCITATORY DEPRESSION
In four experiments (two NTR's, two SHR's), PED was blocked ( Fig. 9 ) when the aortic arch was perfused with a Krebs-Henseleit solution containing no potassium, a procedure which has been shown to block the electrogenic sodium pump. 14 The onset of the antagonism occurred more quickly, usually within 1 minute, and persisted for only 1-3 minutes after return to the control solution. In addition, on recovery the duration of PED was enhanced (maximum enhancement, 0.5-2 seconds) for 2-5 minutes. The effects were similar for PED elicited either electrically (three fibers) or mechanically (four fibers). The steady state pressurevolume relationship of the aorta was unaltered (Fig. 8B) .
In one experiment the potassium-free solution did not block PED but instead appeared to enhance it. This unit adapted rapidly to the initial pressure step and, therefore, it was difficult to maintain a steady state firing rate to test for PED. In another experiment a baroreceptor was firing spontaneously at approximately 30 impulses/sec after having been perfused with a perfusate containing ouabain. for the control perfusate the spontaneous rate decreased rapidly (20-30 seconds) and within 3 minutes the fiber was quiescent. When a pressure step was applied the baroreceptor responded with a brief burst of impulses. When the pressure step was removed and perfusion with control solution was restored, spontaneous discharge recommenced; this could be abolished again by potassium-free perfusate.
EFFECTS OF LITHIUM AND OTHER AGENTS ON POSTEXCITATORY DEPRESSION
Substitution of Li + for Na + in the perfusate, a procedure which has been shown to inhibit the electrogenic sodium pump and block PED in the crayfish stretch receptor, 5 -14 reversibly reduced or abolished electrically evoked PED in aortic baroreceptors (five experiments). The onset of the antagonism occurred within 0.5-2 minutes and the degree of antagonism ranged from 67% to 100%. With more pro-
Effects of no potassium (B u B,) in Krebs-Henseleit perfusale on poslexcitatory depression (PED) elicited by pressure steps (A,, B,) or antidromic trains of equivalent numbers of spikes (A,, fl,). Two different units are shown. In A, steady slate discharge was set by a pressure step to 130 mm Hg and PED was elicited following a second step to 150 mm Hg. Between A , and B, potassium-free solution was applied; PED was abolished. In A, the steady state discharge was elicited by a pressure step to 140 mm Hg and the fiber was stimulated antidromically at 80 impulses/sec. Potassium-free solution blocked PED in B t .
longed exposure to Li + the steady state firing rate was increased and eventually the unit ceased discharging.
Other procedures which inhibit the electrogenic sodium pump have more complex actions on cells and this was also true for the baroreceptors examined in these experiments. Cooling the bath and the perfusate from 37°C to 25°C blocked electrically evoked PED in one experiment. However, in three other preparations in which the temperature of the perfusate was reduced to only 30°C the duration of PED actually was enhanced. In all four experiments the steady state discharge was markedly decreased by cooling, and it was necessary to return the firing rate to the control frequency by increasing the steady state pressure level. Perfusion of the aortic arch with either sodium cyanide (5 x \0'' M to 1 x 10~2 M) or nitrogen-saturated solutions inhibited the steady state discharge, and these were not useful procedures for examining PED.
EFFECTS OF OUABAIN AND SOLUTIONS CONTAINING NO POTASSIUM ON THRESHOLD AND SENSITIVITY OF AORTIC BARORECEPTORS
Concentrations of ouabain (1 x 10"' M to 1 x 10~3 M) which blocked PED lowered the pressure threshold for both transient and steady state discharge and increased the curvature of the hyperbolic relationship between steady state discharge and pressure. The maximum impulse frequency asymptotes for steady state discharge were difficult to determine experimentally after ouabain. Estimates were calculated from double reciprocal plots using Equation 1 of Brown et a l . " The average value in three control experiments was 52 impulses sec" 1 , and it increased to 102 impulses sec" 1 after ouabain. These results were obtained in three NTR's and one SHR (Table I) , and a representative example is shown in Figure 10 . The effects were observed within 2-3 minutes after the onset of ouabain perfusion and it was important to generate the pressure-response curve during this period, because the effects of ouabain were progressive and the same response at a given pressure could not be reproduced during a particular trial. Therefore, we allowed the receptor to recover and repeated the pressureresponse curves several times before and during ouabain administration. These ouabain pressure-response curves such as the one shown in Figure 10 were reproducible. More prolonged exposures of 5-10 minutes produced irreversible effects.-The fibers became spontaneously active, the amplitude of the action potential decreased, and eventually the baroreceptor became quiescent and unresponsive to pressure steps (200-260 mm Hg). Solutions containing no potassium also increased the frequency of four spontaneously active fibers from two NTR's and two SHR's. Isochronal points on the impulse frequency-response curves including steady state discharges were also increased. These effects on spontaneous discharge and sensitivity were observed in two fibers which gave similar responses to ouabain. The effects of solutions containing no potassium occurred within 1 minute of exposure and, when tested in the same fiber, had a faster onset than the ouabain effect. Exposure of longer than 5 to 10 minutes resulted in effects similar to those elicited by prolonged exposure to ouabain. In one receptor which had been treated with ouabain, solutions containing no potassium increased threshold and reduced spontaneous firing.
EFFECT OF OUABAIN ON ADAPTATION
For the NTR baroreceptor shown in Figure 11 A, the increment in peak frequency following ouabain treatment was larger than the increment in partially adapted steady state discharge. However, the shapes of the greater parts of the adaptation curves were similar. For thcSHR baroreceptor shown in Figure 11B the increment in peak frequency following ouabain treatment was smaller than the increment in partially adapted steady state discharge. In this case the shapes of the adaptation curves differed somewhat. However, these differences in shapes are within the range of variability that untreated receptors displayed. Consistent differences in adaptation following ouabain were not apparent in two SHR's and four NTR's.
Discussion
MECHANISMS UNDERLYING POSTEXCITATORY DEPRESSION IN AORTIC BARORECEPTORS
There are three possibilities for the blockage of PED in baroreceptors by ouabain. First, a rapid readjustment of K + and Na + across the cell membrane might result from blockage of a Na-K. pump. The ending or spike-initiating zone would then depolarize so that the discharge would persist during relaxation of the pressure stimulus. However, in the absence of ouabain a similar ionic redistribution with persistent discharge also would be expected instead of the PED which occurred. In addition, redistribution of Na + and K + should depend on the perfusion rate, but PED did not. Second, ouabain could change membrane conductance directly so as to depolarize the receptors. This would require either an increase in Na + conductance, a change in Clc onductance if the chloride equilibrium potential is different from the membrane potential, 18 or a decrease in K + conductance. Neither an increase in Na + conductance nor a change in Cl~ conductance is usually associated with ouabain administration. In fact, the main conductance alteration attributable to ouabain in other excitable cells such as molluscan neurons is an increase in potassium conductance." This is very unlikely to apply in the present experiments, because if this were the case the absence of external K + , which would hyperpolarize the receptor, should increase PED. The third and most likely explanation is that ouabain blocks an electrogenic sodium pump. Such an effect on excitable membranes is known to be produced by ouabain. 14 An electrogenic sodium pump blocked by ouabain is also responsible for afterinhibition or PED in another mechanoreceptor, the crayfish stretch receptor. 5 Moreover, the action of solutions containing no potassium on PED in baroreceptors also could be explained by its action on an electrogenic pump which requires external potassium for its operation. 5 However, there may also be a component of increased potassium conductance involved in PED or in the method by which ouabain blocks PED. Thus, baroreceptors inactivated by ouabain may possibly be reactivated by solutions containing no potassium which would repolarize the membrane. Inactivation of the Na + conductance necessary for impulse initiation by either mechanical (i.e., pressure) or electrical stimuli could have been involved in PED. However, this was not the case since an appropriate pressure stimulus still could elicit neural discharge during PED. The axons of the receptors also were not involved because axonal conduction appeared unimpaired during PED.
The blocking action of lithium was anticipated because the neural discharge elicited by pressure steps persisted so that Li + probably carried current into the ending. Increased internal Li + is known to block the Na + -K + ATPase system. 5 The effects of cooling, cyanide, and anoxia on the electrogenic pump of the crayfish stretch receptor also were complicated. 5 Cooling to 25°C, which also blocks electrogenic pumps, 5 abolished PED as well. The enhancement of PED at 30°C is due partly to the effects of frequency upon PED (Fig. 4) . It also may be related to the increased Na current which occurs when the action potential is prolonged by cooling." The effects of cyanide and anoxia were too complex to evaluate with respect to their actions on the electrogenic pump. They appeared primarily to inactivate the baroreceptors.
It is unlikely that the effects of ouabain or solutions containing no potassium were due to some change in the properties of the aortic smooth muscle. First, the steady state pressure-volume relationship in the aortic arch was unaltered by either agent. Second, there is very little smooth muscle in the rat aortic arch near the receptors (Stacey, Baur, Saum and Brown, unpublished observations), although it is present in the aortic arch of other species. Third, in two experiments PED was elicited electrically in the presence of propranolol ( 1 0 " M ) and phenoxybenzamine (10~4 M) when mechanical alterations due to norepinephrine release were unlikely to have occurred. Fourth, the steady state pressure-volume curves of excised rat aortas were not changed when norepinephrine (1 x IO~5 M to 1 x 10~4 M) was added to the perfusate. Thus any smooth muscle in this particular preparation does not seem to exert measurable effects on the pressure-volume curves.
We suggest that PED occurs as follows. The baroreceptor discharge increases the internal sodium concentration in the ending and spike-initiating zone. This further activates an already functioning electrogenic sodium pump (see below) which hyperpolarizes the ending. When the stimulus is removed, the hyperpolarizing effect is seen as PED. The effects are less evident during adaptation, and this is discussed in a subsequent section.
The evidence favoring an electrogenic sodium pump may be supported by the hyperbolic relationship of PED to the number of impulses eliciting it and the linear relationship of the double reciprocal plot (Fig. 5) . These relationships are similar to enzyme substrate kinetics of the Michaelis-Menten type which would be expected in a sodium pump." Thus, the number of spikes may be equivalent to a sodium load and the duration of PED indicates the rate of electrogenic pumping. Using this'interpretation it is not surprising that the recovery of PED shown in Figure 6 follows the same hyperbolic trajectory.
Tissue viscoelasticity does not appear to be involved primarily in PED, because PED elicited by a pressure step was similar to PED evoked by antidromic stimulation of the baroreceptor endings. However, the slower recovery of pressure-elicited PED (larger c, values) probably indicates a viscoelastic or conductance process operating in addition to the electrogenic sodium pump. The dependence of PED on the rate of removal of the pressure step has been reported. 3 Part of the slight inflection preceding the linear part of the PED-pressure curve ( Fig. 2A ) may be attributed to the fall time of about 100 msec for step reductions in pressure. The fact that ouabain completely blocks mechanically elicited PED may be due in part to the fact that the discharge preceding the elicitation of PED was enhanced by this agent. As we have shown, increasing the frequency prior to eliciting PED diminishes the effect.
RELATIONSHIP BETWEEN POSTEXCITATORY DEPRESSION AND ADAPTATION
Although ouabain blocks PED, it has no consistent effect on the adaptation process in baroreceptors. The crayfish stretch receptor probably behaves in a like fashion. When the slowly adapting crayfish stretch receptor is stretched, the generator potential itself adapts and this adaptation occurs in the presence of tetrodotoxin, which blocks impulse activity. 7 -* Moreover, when the slowly adapting crayfish stretch receptor was tension-clamped, adaptation was greatly reduced, indicating that tissue viscoelasticity is more important in this process. Although extensive studies of this type have not yet been conducted on aortic baroreceptors, we suggest that adaptation in slowly adapting baroreceptors also is due largely to viscoelastic factors, whereas PED is due to the activity of the electrogenic sodium pump. However, we do not conclude that the electrogenic pump is inactive during adaptation. It is merely that the increased membrane conductance during pressure-induced depolarization shunts the pump current so that its contribution to membrane voltage, and therefore receptor discharge, is much less at this time.
ROLE OF THE ELECTROGENIC SODIUM PUMP IN BARORECEPTOR SETTING AND SENSITIVITY
Ouabain lowers the threshold and increases the sensitivity of baroreceptors from both NTR's and SHR's. This effect could be due to blockage of an electrogenic sodium pump which contributes to the resting potential of the baroreceptors," or to a redistribution of ions subsequent to blockage of the pump. We favor the former interpretation for the following reasons. Ouabain increases resting discharge in spontaneously active baroreceptors, lowers threshold, and blocks PED within 2 minutes of exposure. Since the blockage of PED is due to blockage of the 'electrogenic sodium pump, it seems likely that the simultaneous lowering of pressure threshold has the same basis. Moreover, it might be anticipated that the depolarizing effects of blockage of an electrogenic sodium pump would precede the effects of ionic redistribution. The latter might then be involved in the delayed, marked increase in discharge of fibers which were spontaneously active, and the appearance of a high spontaneous discharge in previously quiescent fibers. These effects are followed later by cessation of function due to inactivation.
Solutions containing no potassium also increased resting discharge in four spontaneously active fibers, and the increase occurred within 1 minute. Pressure-evoked steady state discharges were increased in two other fibers. These effects could not be due to the increased potassium gradient, since this would hyperpolarize the baroreceptors. Thus, it seems likely that they are due to blockage of the electrogenic sodium pump which is also the basis for the blockage of PED by solutions containing no potassium. The results with solutions containing no potassium are not completely straightforward because in one other receptor they could be interpreted as the result of a hyperpolarizing effect. However, this might be anticipated since solutions containing no potassium could have dual effects due to their action on both the potassium gradient and the electrogenic sodium pump.
It is likely that the cardiovascular reflex effects of intracarotid sinus injection of ouabain or digitalis reported by Quest and Gillis"-" and earlier by Heymans et al." are due to the action of cardiac glycosides on the electrogenic sodium pump in baroreceptors. Thus, the afferent discharge per beat or per pressure step would be increased and the depressor reflex effects enhanced.
As we have noted, the electrogenic pump clearly has a role in determining threshold and sensitivity of baroreceptors. Therefore, it is possible that resetting and reduced sensitivity in SHR baroreceptors might be due to enhanced electrogenic pump activity. However, SHR and NTR baroreceptors recover equally well from PED (Fig. 6) , which is an index of electrogenic pump activity. In addition, in one SHR baroreceptor ouabain had less effect on ai which is related to the sensitivity of the frequency-response curve ( Table 1) . Although a more extensive comparison of the intrinsic properties of SHR and NTR baroreceptors is required, it appears unlikely that resetting and reduced sensitivity are primarily due to differences in electrogenic sodium pump activity.
